ognized by all the groups, whereas the cytosolic antigens were recognized best by healthy subjects. When tested with fractionated secreted proteins present in the culture filtrate of M. tuberculosis , the best responses in both diabetic and non-diabetic TB patients were obtained with fractions containing low-molecular-weight proteins. Conclusions: Diabetic and non-diabetic TB patients respond frequently to secreted low-molecular-weight ESAT6 antigen of M. tuberculosis , indicating that this antigen may be useful in the diagnosis of TB in both the groups.
Introduction
Tuberculosis (TB) and diabetes are among the most important public health problems worldwide. TB ranks among the top 10 causes of global mortality [1, 2] . It is estimated that approximately one third of the world's population is infected with Mycobacterium tuberculosis ; 8 million people develop active TB leading to about 2 million deaths each year [2] . Furthermore, TB costs more than USD 3.3 billion a year in lost productivity [3] . With respect to diabetes, the statistics released by the World Health Organization and the International Diabetes Federation are alarming [4] . The number of diabetics in the world is expected to increase from 194 million in 2003 to 330 million in 2030, with 75% diabetic patients living in developing countries [4] . In some countries of the Middle East, 1 in 4 deaths in adults aged between 35 and 64 years is attributable to diabetes [4] . According to the National Institute of Diabetes and Digestive Kidney Disease and the American Diabetes Association, diabetes was the sixth leading cause of death in 1999 with a direct cost of USD 44 billion and an indirect cost of USD 54 billion annually. In 2002, the direct and indirect cost totaled USD 132 billion [4] .
In addition to being two independent major health problems of infectious and non-infectious nature, an association has been observed [5] between TB and diabetes. Incidence of TB among diabetic patients is 2-5 times higher when compared to the general population [5] . Before the discovery of insulin, a diagnosis of diabetes was a death sentence within 5 years, and the usual cause of that death was TB [5] . In general, diabetes is easy to detect, whereas the diagnosis of TB poses a challenge. The study of cell-mediated immune (CMI) responses against the antigens of M. tuberculosis is important to identify antigens of diagnostic relevance [6] [7] [8] [9] [10] . In order to identify antigens that could be of diagnostic relevance in diabetic TB patients, this study was conducted to evaluate CMI responses to complex and single secreted and cytosolic antigens of M. tuberculosis in diabetic and non-diabetic TB patient as well as in healthy subjects without TB and diabetes.
Materials and Methods

Patients and Isolation of Peripheral Blood Mononuclear Cells
Heparinized blood was collected from clinically, radiologically and bacteriologically confirmed cases of pulmonary TB attending the Chest Diseases Hospital, Kuwait and suffering from type II diabetes mellitus (n = 7) and without diabetes (n = 10). In addition, blood was also obtained from 10 healthy subjects without TB and diabetes donating blood at the Central Blood Bank, Kuwait. All of the patients and healthy subjects were HIV-negative. Collection of blood samples and the study was approved by the Ethics Committee, Faculty of Medicine, Kuwait University, Kuwait.
Peripheral blood mononuclear cells (PBMC) were isolated from the heparinized blood of patients and control according to standard procedures [11] . In brief, the blood from each individual was diluted with warm tissue culture medium (RPMI-1640, Gibco-BRL) at a ratio of 1: 2 and gently mixed. Two volumes of the diluted blood were loaded on top of 1 volume of a Lymphoprep gradient (Pharmacia Biotech, Uppsala, Sweden). After centrifugation, the white ring of PBMC between the plasma and the Lymphoprep was removed and washed 3 times with RPMI-1640. The cells were finally suspended in complete tissue culture medium [RPMI-1640 + 10% human AB serum + penicillin (100 U/ml) + streptomycin (100 g/ml) + gentamycin (40 g/ml) + fungizone (2.5 g/ml)] and counted with a coulter counter (Coulter Electronics Ltd., Luton, Beds., England).
Complex and Fractionated Mycobacterial Antigens
The complex antigens were killed whole cells of M. tuberculosis H37Ra [11] , M. tuberculosis culture filtrate (MT-CF) highly enriched for secreted antigens and purified M. tuberculosis cell walls (MT-CW) [12] . MT-CF and MT-CW were kindly provided by Dr. P.J. Brennan (Colorado State University, Fort Collins, Colo., USA) through the repository of TB research materials, NIH contract No. AI-25147, USA. The fractionated culture filtrate protein antigens ranging from low-to high-molecular-weight fractions (F1-F10, provided by Dr. P. Andersen, Statens Serum Institute, Copenhagen, Denmark) were prepared by using preparative sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) according to methods described previously [13] . All fractions were stabilized with 2% human AB serum and stored frozen at -20 ° C until use.
Purified Mycobacterial Antigens
The recombinant ESAT6 antigen (provided by Dr. P. Andersen, Statens Serum Institute) was expressed in Escherichia coli and purified, as previously described [14] . The other recombinant mycobacterial antigens MTB10, ML28, ML65, ML10, ML36, MTB38, MTB70 and MB65 and the control antigen maltose binding protein (MBP) were provided by G. Singh (Gene Expression, GBF, Braunschweig, Germany) with financial support from the Immunology of Mycobacteria (IMMYC) component of the United Nations Development Program (UNDP)/World Bank/WHO Special Program for Research and Training in Tropical Diseases. Among the above antigens, ESAT6 and MTB38 are secreted whereas others belong to the group of cytosolic mycobacterial antigens [14] .
Highly purified secreted antigens MPT59 (lot 12455A2) and MPT64 (lot 6523A2) were prepared from the mycobacterial culture filtrates as previously described [14] . The same lot of each antigen (provided by Dr. H.G. Wiker, Division for Environmental Medicine, Norwegian Institute of Public Health, Oslo, Norway) was used throughout the study.
Antigen-Induced Proliferation of PBMC
Antigen-induced proliferation of PBMC was performed by using standard procedures [15, 16] . In brief, PBMC (2 ! 10 5 cells/ well) suspended in 50 l of complete tissue culture medium were seeded into the wells of 96-well tissue culture plates (Nunc, Roskilde, Denmark). Antigen in 50 l of complete medium was added to the wells in triplicate at an optimal concentration of 5 g/ml. Whole-cell M. tuberculosis was used at a concentration of 10 g (wet weight)/ml. The final volume of the culture in each well was adjusted to 200 l. The plates were incubated at 37 ° C in a humidified atmosphere of 5% CO 2 and 95% air. The cultures were pulsed on day 6 with 1 Ci of [ 3 H]-thymidine (Amersham Life Sciences, Little Chalfont, UK) for 4 h, harvested on filter mats with a Skatron harvester (Skatron Instruments AS, Oslo, Norway), and the radioactivity incorporated was measured by liquid scintillation counting. The radioactivity incorporated was obtained as counts per minute (cpm). The average cpm was calculated from triplicate cultures stimulated with each antigen as well as from triplicate wells of negative control cultures lacking antigen. Cellular proliferation results were used to calculate stimulation index (SI), which is de-fined as follows: SI = cpm in antigen-stimulated cultures/cpm in cultures without antigen. An SI of 1 2 was considered a positive proliferative response [17] . Percent (%) positive for a given antigen were calculated from the following formula: 
Results
The complex antigens of M. tuberculosis were strong stimulators of PBMC from TB patients with and without diabetes and healthy subjects, i.e. positive responses were obtained in antigen-induced proliferation assays to all the complex antigens in 1 70% donors ( tables 1-3 , respectively). Among the single antigens, the secreted antigens ESAT6, MPT59 and MPT64 were frequently recognized by PBMC of both diabetic and non-diabetic TB patients ( tables 1 , 2 , respectively). However, the best responses were obtained with the M. tuberculosis -specific low-molecular (6 kDa) antigen ESAT6 [positive responders: 5 (71%) in diabetic and 8(80%) in non-diabetic TB patients]. All of the single mycobacterial antigens of cytosolic origin were weak stimulators of PBMC ( ^ 33% responders) both from diabetic ( table 1 ) and non-diabetic TB patients ( table 2 ) . In contrast, the single cytosolic antigens, in particular ML28, ML36 and ML65, were the best stimulators (80, 90 and 70% responders, respectively) of PBMC from healthy subjects. Among the secreted antigens, the best responses in healthy subjects were seen with the crossreactive antigen MPT59 (80% responders), whereas ESAT6 was among the weakest stimulators as only 1/10 subjects responded to this antigen ( table 3 ) .
To identify the antigenic fractions responsible for cellular responses induced by the secreted antigens of M. tuberculosis by diabetic TB patients, PBMC isolated from the blood of 2 diabetic TB patients were stimulated for proliferation in response to the MT-CF fractions F1-F10. PBMC from both the patients responded strongly to MT-CF (SI = 632 and 726, table 4 ). Although both the patients also responded to single secreted antigens ESAT6 and MPT59, the responses to ESAT6 were relatively stronger (SI = 74 and 152) than those to MPT59 (SI = 2.1 and 31, table 4 ). When PBMC from the same patients were tested with MT-CF fractions, all the fractions were stimulatory for the cells from both the patients, confirming the results obtained with single secreted antigens of vary- ing sizes reported above. However, the fractions 1-3 containing low-molecular-weight proteins, including ESAT6, induced strong responses (SI 1 280) in both the patients ( table 4 ) . However, none of the patients responded to the control antigen MBP ( table 4 ) . Similar results have previously been reported with PBMC from non-diabetic TB patients when tested with fractionated secreted antigens of M. tuberculosis [13] .
Discussion
The worldwide control of TB has two major problems. The first is the non-availability of reagents for specific immunodiagnosis of TB and the second is the lack of a vaccine that can provide consistent protection in all parts of the world [18] . The normally used immunological test for diagnosis of TB is the tuberculin test that uses purified protein derivative of M. tuberculosis as a skin test antigen. However, purified protein derivative, being a crude mixture of M. tuberculosis antigens, is not a specific reagent for the diagnosis of TB because it contains antigens that cross-react with environmental mycobacteria and the currently used BCG vaccine [18] . Thus, there is a need to identify M. tuberculosis antigens of diagnostic efficacy.
During the past several years, a large number of studies based on CMI responses have been performed to identify mycobacterial antigens of diagnostic potential [18] [19] [20] [21] [22] . These studies have shown that secreted antigens of M. tuberculosis are the primary targets of cellular immune responses in TB patients. However, a study to identify antigens important for recognition by diabetic TB patients in cellular immune responses has been lacking. In the past, a number of assay systems have been used to evaluate CMI responses of PBMC from humans to mycobacterial antigens, which include quantitation of antigeninduced proliferation and secretion of cytokines, e.g. interferon-␥ and interleukin-2 by PBMC. Since these tests have been shown to provide similar results in previous studies [13, 14, 16, 23] , we have used antigen-induced proliferation assays to evaluate CMI responses of diabetic TB patients in this study.
Our results show that PBMC from diabetic TB patients responded frequently to complex and single secreted antigens (ESAT6, MPT59 and MPT64) of M. tuberculosis in the in vitro antigen-induced proliferation assays. However, the responses to single cytosolic antigens were either not detected or were very weak. Similar results were obtained with PBMC from non-diabetic TB patients included in the study, thus confirming the previous reports [13, 14, 16] . However, in healthy subjects the best responses were obtained with some of the cytosolic mycobacterial antigens used in the study (ML28, ML36 and ML65) along with the cross-reactive secreted antigen MPT59, but not to the M. tuberculosis -specific secreted antigen ESAT6. These results suggest that ESAT6 may be useful in the diagnosis of diabetic as well as non-diabetic TB patients. Among the single secreted antigens frequently recognized by PBMC of diabetic and non-diabetic TB patients in antigen-induced proliferation assays were antigens of varying size ranging from low-to high-molecular-weight proteins. This was evident from the use of both fractionated (F1-F10) as well as single secreted antigens ESAT6 (6 kDa), MPT59 (35 kDa) and MPT64 (25 kDa). However, among these antigens, only ESAT6 is specific for M. tuberculosis as its gene is absent in the BCG vaccine and most environmental mycobacteria, whereas the genes encoding MPT59 and MPT64 are present in BCG as well [19, 24] . Thus, for diagnostic applications in diabetic as well as non-diabetic TB patients, only ESAT6 and related low molecular weight proteins, e.g. CFP10 that makes The positive responses are SI > 2.0.
1: 1 complex with ESAT6 and is encoded by a gene present in the same M. tuberculosis -specific region as ESAT6 [25] , may be useful. However, since this study is limited with the number of patients, a larger study with these antigens will be required to confirm their potential in the diagnosis of diabetic TB patients using appropriate controls, i.e. non-diabetic TB patients, diabetic patients without TB and healthy subjects without TB and diabetes.
Conclusions
Diabetic and non-diabetic TB patients respond best to complex and secreted single antigens (ESAT6, MPT59 and MPT64) of M. tuberculosis in cellular immune responses as indicated by antigen-induced proliferation of PBMC. However, only ESAT6 may be useful in the diagnosis of TB in both diabetic and non-diabetic patients because the complex and other secreted single antigens are cross-reactive and induce positive responses in healthy subjects as well.
